The upper limit of normotension in the trained, unanesthetized dog appears to be 145 (135-155) =f c 7.5 mm. Hg mean femoral arterial pressure. The incidence of naturally occurring hypertension on the basis of this criterion was 0.9 per cent in 1000 dogs, 1 to 4 years of age. Six of the dogs had so-called spontaneous hypertension which may be similar to or the counterpart of essential hypertension in man. The other three had hypertension associated with chronic pyelonephritis. A renal, renin pathogenesis is indicated for both of these hypertensions by the antihypcrtensive effect produced by injections of hog renin with resulting antirenin and by passive transfer of high titre homologous antiserum containing antirenin to hog renin which also neutralizes dog renin.
T HIO upper limits of normotension in the dog are less well established than in man. We suggest that in the trained, unanesthetized dog the maximum normal mean femoral arterial pressure averages .145 (135-155) mm. Hg with a standard deviation of 7.5. Less than 1 per cent of 1000 trained dogs studied in our laboratory during the past 18 years showed an average pressure in excess of this figure, a finding in general accord with the experience of other laboratories in the United States. 1 This low incidence of so-called hypertension may be due, in part, to the fact that most of the dogs studied in research laboratories are 1 to 4 years of age. Unfortunately, there are no reported studies of the blood pressure of dogs 8 to 12 years of age, although we found six dogs in this age group to be normotensive. Shorr 2 suggests that so-called spontaneous (essential?) hypertension in dogs is characterized by renal functional changes, since the plasma of such animals shows increased VEM and VDM as compared with normotensive clogs. McCubbin and Corcoran 3 point out that co-called spontaneous hypertension in the dog is frequently renal hypertension resulting from chronic pyelonephritis or other renal disease. They further emphasize that even though renal Aided by grunts from the National Heart Institute, the American Heart Association, the Chicago Heart Association and the University of Illinois Foundation.
Received for publication October I, 1956. clearances have been shown to be normal in spontaneous hypertension in the dog, areas of chronic pyelonephritis may nevertheless be present, so that only a thorough histologic study of renal tissue at necropsy can rule out renal disease as responsible for the hypertension. Moreover, Stamler, Katz and Rodbard 4 found focal renal lesions at necropsy in 2 of the 3 spontaneously hypertensive dogs which they studied.
Accordingly this work which has extended over a period of 13 years 5 was undertaken to determine whether spontaneous hypertension exists independently of naturally occurring renal hypertension in the dog and, if possible, to study the pathogenesis of the two hypertensions. For the latter purpose we chose to observe the effect of intramuscular injections of semipurified hog renin and of the passive transfer of homologous antirenin to hog renin. We previously reported that these procedures have a significant antihypertensive effect in experimental renal hypertension in the dog, the effect being well-correlated with the antirenin titre 6 ' 7 and thereby suggesting a pathogenetic role for renin in experimental renal hypertension in the dog.
METHODS
During the past IS years we have found 9 trained dogs out of 1000 which satisfied the foregoing blood pressure criteria for naturally occurring hypertension; viz., an average mean femoral arterial pressure of 150 (140-160) ± 7.5 mm. Hg or more. The maximum training period for these dogs was 138 SPONTANEOUS AND PYELONEPHRITIC HYPERTENSION IN THE DOG 8 months. Ninety-five per cent of the 1000 dogs showed average mean pressures of 145 ± 7.5 mm. Hg or less (i.e., normotension) during the first month in the laboratory; five-sixths of these showed no significant change with acclimatization but one-sixth showed a gradual decrease averaging 10, 20, 30 or even 40 mm. Hg over the first 2 to 4 months, and an occasional dog showed an increase averaging 10 or 20 mm. Hg but never to the hypertensive level of 150 ± 7.5 mm. Hg. Five per cent of the 1000 dogs showed a hypertensive level initially, but all except 9 animals decreased to normotension over 2 to 4 months and occasionally over 6 to 8 months of acclimatization.
Blood pressures were obtained by femoral artery puncture 1 to 2 times per week with occasional comparison by the strain gage technic. Studies of blood urea nitrogen, urinalyses, body temperature, body weight and clinical condition on the 9 hypertensive dogs were made at monthly or bimonthly intervals or more often when indicated. Renal clearances (inulin and PAH) were performed on 1 of the dogs. Urine concentration tests 8 were conducted on this dog and on 4 of the other hypertensive animals at weekly intervals for 1 month when these dogs were not on renin or antirenin therapy.
Treatment with hog renin involved daily intramuscular injections for 4 months or more of crude hog renin from renal cortex* (1 D.U./mg. N) in doses of 2.5 to 7.5 D.U./Kg. or semipurified hog renin from renal cortex (75-150 D.U./mg. N) in doses of 3 to 20 D.U./Kg. Renin prepared from cortex was used since renal medulla has been shown to contain a factor which interferes with antihypertensive effect of hog renin, particularly crude hog renin, in experimental renal hypertension in the dog. 6 Courses of control injections of crude dog renin and of heat-inactivated crude hog renin were given to 2 of the hypertensive dogs. The crude and semipurified hog renins were prepared and the antirenin titre determined by methods previously described. 6 Some of the dogs were given a second course of crude or semipurified hog renin 1 or more years following the first course when the blood pressure was at its pretreatment hypertensive level and the antirenin titre was 0.
For passive transfer studies, blood pressure was measured every other day for 2 weeks prior to antirenin administration and the antirenin titre was determined to be 0 A.U. (antirenin units)/ml. serum. High titre homologous antirenin serums in amounts totalling 355 to 1329 A.U./Kg. were given subcutaneously in 4 divided doses over a 2 day period. Blood pressure and antirenin titre were determined on the 3rd, 5th, 7th, and sometimes 9th days following the 1st day of antirenin * The kidneys were supplied through the courtesy of Dr. J. B. Lesh, Director of Research, The Armour Laboratories, Chicago, 111. administration and subsequently at weekly intervals for 3 weeks. Urinalyses were made prior and subsequent to the administration of antirenin and the clinical condition of the dogs was observed daily. Control studies with low titre antirenin serums in amounts totaling 7 to 38 A.U./Kg. were conducted.
All 9 hypertensive dogs were sacrificed and necropsied, 4 during a second course of semipurified hog renin treatment when the serum antirenin titre was elevated. Histologic examination was confined to hematoxylin and eosin sections.
Parallel observations relative to treatment with crude and semipurified hog renins and with the passive transfer of antirenin were made on 10 normotensive dogs, including 2 with high normotensions of 140 ± 7.S and 140 ± 5.6 mm. Hg.
RESULTS
Necropsy findings are reported first because they enabled a classification of the 9 hypertensions studied into 6 spontaneous (essential?) and 3 renal (pyelonephritic) hypertensions- (table 1) .
The kidneys of dog no. 8 showed extensive areas of atrophy which reduced the cortical tissue by approximately one-half. Microscopic examination showed numerous areas of scarring from chronic pyelonephritis, as well as active foci of pyelonephritis. This was the only dog of the hypertensive group which in life showed proteinuria and a mildly impaired dilution test. Grossly, the kidneys of dogs no. 7 and no. 9 appeared normal, but microscopically showed numerous foci of active pyelonephritis. Unfortunately, no cultures of urine or renal tissue were made. One of the spontaneously hypertensive dogs (no. 3) showed an adenoma 3 mm. in diameter at the lower pole of each adrenal. A similar finding was previously reported for 2 spontaneously hypertensive dogs. 4 Five of the hypertensive dogs were sacrificed when not on hog renin therapy. As indicated by table 1, the heart weight/body weight ratios of 3 of the 5 were moderately increased due to mild left ventricular hypertrophy. On the other hand, the other 4 hypertensive dogs which were sacrificed when on hog renin treatment with resulting normotension for several months, showed heart weight/body weight ratios within normal limits and no left ventricular hypertrophy. No other gross or microscopic findings pertinent to hypertension, including arteriolosclerosis, were observed. There was no evidence of atherosclerosis in the aorta, coronaries, cerebral, renal or other larger arteries although the known durations of the hypertensions varied from 4.4 to 112 months Tables 2, 3 and 4 summarize the results with hog renin and control extract treatments in the 0 spontaneous hypertensive, 3 pyelonephritic hypertensive and 10 normotensive dogs, respectively. The dogs are listed in order of increasing antirenin titre to hog renin in each table. The hypertensive and normotensive blood pressure levels of the tables are based on a minimum of 12 to 18 readings over a period of 2 to 3 months prior to treatment. The maximal response level is based on a minimum of 6 to 8 readings over a period of 1 to 2 months. All of the hypertensive dogs showed a significant antihypertensive effect (p = <.001) from each course of hog renin except dog no. 7 with pyelonephritic hypertension which did not develop antirenin. This animal evidenced a maintained chronic pressor effect which has been discussed elsewhere. 9 The maximum known duration of the hypertension at the time of treatment was 62 months for the spontaneously hypertensive dogs and 55 months for the pyelonephritic hypertensive dogs. The maximal antihypertensive effect of the first course of injections was achieved as the antirenin titre increased during the third to sixth month of treatment and was maintained until treatment was discontinued. The maximum antihypertensive effect for the second course was observed during the second to third month of treatment, correlating with the more rapid anamnestic development of antirenin. Following treatment, the blood pressure gradually returned to its pretreatment level over a period of 3 to 6 months as the antirenin titre fell to 0. Figure 1 shows typical antihypertensive effects in a spontaneously hypertensive dog receiving two courses of semipurified hog renin. Control treatments with crude dog renin from cortex and with heat-inactivated crude hog renin from cortex in 2 of the spontaneously hypertensive dogs did not produce antirenin and were without antihypertensive effect. As shown by table 4, treatment with crude and semipurified hog renins was without significant effect on the normotensions of 10 dogs including the 2 dogs with high normotensions. Tables 5, 6 and 7 summarize results with the passive transfer of high titre antirenin serum to 2 spontaneously hypertensive, 3 pyelonephritic hypertensive and 6 normotensive dogs, respectively. The hypertensive and normotensive levels of the tables are based on 12 to 18 readings over 2 to 3 months prior to passive transfer. The maximal response is the lowest pressure during the week following passive transfer. An antirenin titre of 5 A.U. or more per ml. of serum was almost invariably associated with a significant antihypertensive effect, including dog no. 7 which failed to develop antirenin or show an antihypertensive effect on semipurified dog renin therapy. (Dog no. 8 showed questionably significant effects with titres of 7 and 15 A.U./ml. serum.) The maximum antihypertensive effect was observed on the third, fifth or seventh day of the passive transfer * S = Semipurified hog renin from cortex, t C = Crude hog renin from cortex. J Average ± standard deviation. experiment, usually simultaneously with the maximum antirenin titre. The blood pressure then returned to its previous hypertensive level over a period of 2 to 6 weeks, as the antirenin titre fell to 0. As indicated by tables 5 and 6 control passive transfer experiments with low titre antiserums were without significant antihypertensive effect. Typical passive transfer experiments with high titre antiserum and low titre antiserum in 1 pyelonephritic hyper- The antihypertensive effect of hog renin and of antirenin in spontaneously hypertensive and pyelonephritic hypertensive dogs and the absence of any significant effect on normotensive (including high normotensive) dogs point to a qualitative difference between these hypertensions and normotension in the clog and suggest that 145 ± 7.5 mm. Hg is the upper limit of normotension in the trained unanesthetized dog and that 150 ± 7.5 mm. Hg is the lower limit of hypertension. In this study, the incidence of spontaneous hypertension in .1000 dogs was 0.6 per cent and that of hypertension associated with pyelonephritis, 0.3 per cent.
Our results confirm the stand of McCubbin and Corcoran that pyelonephritis and other renal disease can not be ruled out as the cause of naturally occurring hypertension in the dog except by thorough microscopic examination of the kidneys at necropsy.
The antihypertensive effect of hog renin and of antirenin in spontaneously hypertensive dogs suggest a pathogenetic role for renin in this hypertension, whereas the results indicate no significant role for renin in the maintenance of normotension in the dog. Recently, Rosenfeld and associates 10 have suggested that a renal factor is pathogenetic in spontaneous hypertension in the rabbit.
The antihypertensive effect of hog renin and of antirenin in hypertension associated with chronic pyelonephritis in the dog suggests that this hypertension is also on renal, renin basis.
Since there are a number of similarities and no known differences between spontaneous hypertension in the dog and early essential hypertension in man, the possibility of a similar pathogenesis for the latter should be kept in mind. SUMMARY A course of intramuscular injections of hog renin and the passive transfer of antirenin to hog renin were effectively antihypertensive in spontaneous hypertension and in the hypertension associated with chronic pyelonephritis, but were without significant effect on normotension in the dog. These findings point to 145 db 7.5 mm. Hg average mean femoral arterial pressure as the upper limit of normotension in the trained, unanesthetized dog and to 150 =fc 7.5 mm. Hg as the lower limit of hypertension. The findings suggest that renin plays a significant pathogenetic role in spontaneous (essential?) hypertension and in chronic pyelonephritic hypertension in the dog. Renal biopsy or necropsy studies may be necessary for the diagnosis of pyelonephritis and the categorizing of naturally occurring hypertension in the dog.
SUMMARIO IN INTERLINGUA
Un curso de injectiones intramuscular de renina porcin e le transferimento passive de antirenina anti renina porcin se provava efficace como mesura antihypertensive in hypertension spontanee e in le hypertension associate con chronic pyelonephritis in canes sed remaneva sin effecto significative super normotension in ille animales.
Le observationes supporta le assertion que 145 rfc 7,5 mm Hg es Je valor medie del limite superior pro le pression medie del arteria femoral in normotensive trainate e non-anesthesiate canes e que 150 ± 7,5 mm Hg es similemente le limite inferior de hypertension.
Le constatationes suggere que renina ha un significative rolo pathogenetic in hypertension spontanee (essential?) e in chronic hypertension pyelonephritic in canes. Studios reno-biopfcic o necroptic va possibilemente esser necessari pro le diagnose de pyelonephritis e le categorisation de hypertension de occurrentia natural in canes.
